Biallelic nonsense mutations of SYNE1 underlie a variable array of cerebellar and non-cerebellar pathologies of unknown molecular etiology. SYNE1 encodes multiple isoforms of Nesprin1 that associate with the nuclear envelope, with large cerebellar synapses and with ciliary rootlets of photoreceptors. Using two novel mouse models, we determined the expression pattern of Nesprin1 isoforms in the cerebellum whose integrity and functions are invariably affected by SYNE1 mutations. We further show that a giant isoform of Nesprin1 associates with the ciliary rootlets of ependymal cells that line brain ventricles and establish that this giant ciliary isoform of Nesprin1 harbors a KASH domain. Whereas cerebellar phenotypes are not recapitulated in Nes1g STOP/ STOP mice, these mice display a significant increase of ventricular volume. Together, these data fuel novel hypotheses about the molecular pathogenesis of SYNE1 mutations and support that KASH proteins may localize beyond the nuclear envelope in vivo.
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Biallelic nonsense mutations of SYNE1 underlie a variable array of cerebellar and non-cerebellar pathologies of unknown molecular etiology. SYNE1 encodes multiple isoforms of Nesprin1 that associate with the nuclear envelope, with large cerebellar synapses and with ciliary rootlets of photoreceptors. Using two novel mouse models, we determined the expression pattern of Nesprin1 isoforms in the cerebellum whose integrity and functions are invariably affected by SYNE1 mutations. We further show that a giant isoform of Nesprin1 associates with the ciliary rootlets of ependymal cells that line brain ventricles and establish that this giant ciliary isoform of Nesprin1 harbors a KASH domain. Whereas cerebellar phenotypes are not recapitulated in Nes1g STOP/ STOP mice, these mice display a significant increase of ventricular volume. Together, these data fuel novel hypotheses about the molecular pathogenesis of SYNE1 mutations and support that KASH proteins may localize beyond the nuclear envelope in vivo.
Introduction
Nesprins (Nuclear envelope spectrin repeats) correspond to a family of nuclear envelope (NE) proteins encoded by five distinct mammalian genes (SYNE1 to 5). The molecular signature of all Nesprins corresponds to an evolutionary-conserved C-terminal KASH (Klarsicht/ ANC1/Syne Homology) domain that consists of a transmembrane domain followed by a stretch of~50 amino acids that tethers Nesprins to the NE (Starr and Han, 2002; Zhang et al., 2001) . Within the perinuclear lumen that separates the outer nuclear membrane (ONM) from the inner nuclear membrane ( , 2007) . This late-onset neurodegenerative pathology consists of a progressive limb and gait ataxia, dysarthria and severe cerebellar atrophy with no brain stem involvement (Gros-Louis et al., 2007; Izumi et al., 2013; Noreau et al., 2013) . Because ARCA1 nonsense mutations span the coding sequence of Nesprin1 giant (Fig. 1A) and underlie common clinical phenotypes, these studies suggested that ARCA1 is associated with the loss-of-function of large isoforms of Nesprin1. Using next generation sequencing on unbiased cohorts of > 400 patients with idiopathic ataxic features, Synofzik et al. recently identified biallelic nonsense SYNE1 mutations in > 5% of ataxic individuals (Mademan et al., 2016; Synofzik et al., 2016) . Importantly, a majority of patients displayed a wide array of multisystemic pathologies in addition to the typical ARCA1 phenotype. These pathologies consist of variable combinations of upper or lower motor neuron dysfunction, muscle atrophy and spasticity, scoliosis and kyphosis, cognitive disorders and respiratory distress (Mademan et al., 2016; Ozoguz et al., 2015; Synofzik et al., 2016; Wiethoff et al., 2016) . These patients are now classified as cerebellar ataxia "plus" (CA+) by
